The nearshore zone experiences pollutant loading through both the seaward and shoreline boundary. At the seaward limit this occurs through impacts from marine outfalls. However, more importantly close to or at the shoreline, pollutants enter through storm overflow discharges from overloaded sewerage systems during rainfall events. The nearshore zone is an area of high amenity value and there is therefore a strong need to manage efficiently the conflicting demands of waste management, recreation and fisheries. Through a series of hydrodynamic and tracer measurements in DHI's Wave-Current facility, this study quantifies the physical processes and their integrated effects on a solute tracer in the nearshore zone subject to combined waves and longshore currents. The results improve the estimate of surfzone dispersion coefficients.
INTRODUCTION
Coastal recreational waters should comply with the appropriate water quality standards. In Europe, these standards are defined by the revised EC Bathing Water Directive (2006/7/EC). This paper compares a series of laboratory based experiments and numerical results to investigate the on-off shore mixing characteristics of pollutant dispersion in the nearshore zone subject to combined waves and longshore currents.
The nearshore zone experiences pollutant loading through both the seaward and shoreline boundary. At the seaward limit this occurs through impacts from marine outfalls. However, more importantly close to or at the shoreline, pollutants enter through storm overflow discharges from overloaded sewerage systems during rainfall events. The nearshore zone is an area of high amenity value and there is therefore a strong need to manage efficiently the conflicting demands of waste management, recreation and fisheries.
Water quality numerical models used to aid management decisions are usually 2D depth averaged, exclude wave processes and require as input, a value for the dispersion coefficient. Predicting dispersion coefficients in this complex three-dimensional flow field is difficult and is caused by the interaction of the periodic orbital motions of the waves, the variable depth, longshore current induced vertical and lateral shear effects, the effects of Stokes drift and the bed and free surface boundary sources of turbulence.
PREVIOUS WORK
There have been comparatively few experimental studies to investigate aspects of mixing under waves in the coastal zone. Some site specific field studies have been undertaken, however, the contribution to mixing due to wave activity is difficult to interpret. An extensive review of nearshore mixing was undertaken by Bowen & Inman (1974) . Despite being undertaken over three decades ago, little new information is available for studies within the coastal zone. Bowen & Inman (1974) referred to previous investigations by Harris et al. (1963) who undertook a series of experiments in both the field and laboratory to investigate the mixing of a solute when released into the surf zone. Both field and laboratory-based experiments produced results which suggested that the mixing across the surf zone is proportional to H 2 /T, where H is the crest to trough wave height and T is the wave period. They also refer to previous studies undertaken by Inman, Tait & Nordstrom (1971) in which they suggest that the mixing across the surf zone is much larger than in the longshore direction. They made observations in which a spot of dye released into the surf zone quickly dispersed across the zone, with most of the dye staying within the confines of the zone, and only returning seawards through rip currents. Based on the experimental results obtained, it was suggested that the mixing across the surf zone was a function of H b X b /T where X b is the width of the surf zone and H b is the wave height at the breaker line. Svendsen & Putrevu (1994) numerically demonstrated that the cross-shore current, generated by wave activity within the coastal zone, dominated the mixing. They suggest that this could exceed the contribution to mixing caused by turbulent activity by an order of magnitude, but report that few data are available to fully validate their findings. Pearson et al. (2002 Pearson et al. ( , 2009 ) conducted a series of solute tracer experimental investigations in the region seawards of the breaker point. Using assumptions based on a mixture of empirical results from literature and theoretical expressions from wave theory, it was shown that the mixing caused by wave activity comprised a combination of; mixing generated by the production of turbulence due to breaking wave activity, mixing generated by the oscillatory flow over the bed and a shear dispersion caused by the flow in the on-off shore direction. In the surfzone. Pearson et al (2009) showed that the on-off shore mixing (ensuring that the lengths and times are measured in meters and seconds) could be given by:- 
where D y is the depth averaged on-off shore dispersion coefficient in the surfzone, g is acceleration due to gravity, γ is the breaker index and b H is the wave height at breaking. A literature review has indicated that the only known experimental studies which incorporate the overall on-off shore mixing within the surfzone were studies undertaken by Harris et al.(1963) , Inman et al.(1971) and Tanaka et al.(1980) . Fig. (1) shows the relationship between 2 3 b H and the measured on-off shore dispersion (D y ). As the experimental studies are from a number of sources, both within the laboratory and within the field, for simplicity, it has been assumed that the breaker index can be characterised by the commonly adopted value of Galvin (1972) ]. This result suggests that theoretical on-off shore mixing within in the surfzone is dependent upon 
LABORATORY STUDY
The experimental work was undertaken in the shallow water basin at DHI, Denmark (July -September 09). The measurement section measured 18m x 8m, with an offshore water depth of 0.5m. The facility is equipped with an absorbing piston-type wavemaker and all experiments were performed on a 1:20 plain beach, with waves approaching the shore at 20°. Both regular and random wave conditions were studied.
Turbulent LDA velocity Measurements:
To determine the flow velocities a 2D Dantec LDA velocity measurement was used. Detailed velocity measurements were undertaken at 1m intervals to describe the wave-driven current. Additional velocity profiles, at five sections away from the shoreline, y{1.0,1.5,2.0,3.0, 5.0}m were measured at the centreline of the basin for each wave condition. No attempt was made to record both velocity and concentration measurements simultaneously, although in some tests a wave probe and LDA were deployed as concentration data were collected to confirm repeatability in the hydrodynamic conditions. At each point data was logged for 180s, and a minimum of 20 points were taken in the vertical. Figure 2 shows the simultaneous recording of the on-offshore and vertical velocity time series during the data collection.
Figure 2: Time series of LDA turbulent velocity measurements at y=3m from shore Direct Solute transport measurements: A constant injection of Rhodamine WT dye was introduced to the basin from a small tapping point at the bed, at various locations from the shoreline. To determine the spreading of the dye, discrete samples were pumped from sample tubes spaced 50mm apart across the plume. The pumped flow rate was adjusted to match the longshore flow velocity, averaging the concentrations at each point for 180 seconds. Up to five transverse sections, at three different distances from the injection point were investigated for each test condition. Figure 3 shows the resultant concentration distribution at five locations downstream of a dye injection point y=1m from the shoreline. 
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Employing the concept of Taylor's (1953) turbulent diffusion analogy, which states:
an estimate of the transverse mixing coefficient D y , combining both diffusion and dispersion or differential advection processes can be obtained, for this condition the transverse mixing coefficient D y , have a calculated value of 0.0195 m 2 /s, which is inline with expectations.
CONCLUSIONS
Detailed measurements have been made in a large scale facility to parameterise the solute transport processes and to quantify the contribution of wave activity to the mixing processes within the nearshore zone. Detailed data analysis is currently underway for the other 6 injection points, thus at the time of writing it is not possible to give firm conclusions. However, initial observations show that although the mixing and dispersion coefficients are inline with expectations, the variation in mixing across the surfzone is slightly different to that predicted by Svendsen & Putrevu (1994) . Using assumptions based on a mixture of empirical results from literature and theoretical expressions from wave theory, it can be shown that the mixing caused by wave activity could comprise a combination of; mixing generated by the production of turbulence due to breaking wave activity, mixing generated by the oscillatory flow over the bed and a shear dispersion caused by the flow in the on-off shore direction.
